Seven species of the family Istiophoridae and Xiphias gladiu6 were identified using only features of their rostrum. In the Istiophoridae, two rostral regions were emphasized, one-fourth and one·half the distance between the distal tip and the orbital margin of the lateral ethmoid bone. Characters studied in each region were the depth and width of rostrum and height, width, and position of nutrient canals (as seen in cross-section). Characters studied without reference to region were the distribution of denticles on both dorsal and ventral surfaces of the bilI and position of the prenasal bone. In the Xiphiidae, the only characters studied were the depth and width of the rostrum at the level of the dermethmoid bone and the presence and placement of central chambers as seen in radiographs. A total of 32 characters were analyzed as ratios using both multivariate and uni variate statistics. The rostrum of X. gladiw was separated from the Istiophoridae by its flat shape, Tetrapturus angwtirostris from all other istiophorids by its widely separated nutrient canals, and the complex of T. audax/T. pfluegeri/ Makaira nigrican6jM. indica from the complex of lstiophorus platypteru6jT. al bidw by having a smaller area of denticles on the dorsal surface. Tetrapturu6 pfluegeri was separated from T. audux, M. nigricans, and M. indica by having a longer denticle-free midline on the ventral surface of the rostrum. Tetrapturus audux was separated from M. nigricans and M. indica by the location of its nutrient canals. The complexes of Makaira nigrican6/M. indica and 1. platypte. ru6/T. albidu6 were each separated using multivariate discriminant analysis. We show the study has application in identifying rostral fragments found as fossils and impaled in animate and inanimate objects such as marine turtles and wooden ships and should have application wherever rostral fragments are found. FIERSTINE AND VOlGT-BILLFISH ROSTRUM IDENTIFICATION
T HE Istiophoridae and Xiphiidae are known rostral fragments (Fierstine, 1990; Frazier et collectively as billfishes because of the aI., 1994). elongate rostrum or bil!. Gross differences in Bills from extant fishes are found in archae rostral shape between the two families are well ology deposits (Poplin, 1975 ) and stomach con known, with the monotypic Xiphiidae having a tents (pers. com., P. Speare, Australian Institute flat, edentulous, blunt-tipped rostrum and the of Marine Science, Townsville, Queensland, un Istiophoridae a round, denticulated, pointed bill pub!.) and impaled in animate and inanimate (Nakamura, 1983) . lnter-and intrafamilial dif objects such as bales of rubber (Smith and ferences in rostral morphology have not been Heemstra, 1986), a deep-diving vessel (Mather, studied in detail even though neontologists and 1976), boats and ships (Gudger, 1940 ; Chhap paleontologists sometimes identify billfish from gar, 1972), fish (Voss, 1953; Goadby, 1975) , marine turtles (Eckert et a!., 1994; Frazier et a!., 1994) , whales (Major, 1981) , and humans (Anonymous, 1966) . Most billfish identifica tions seem to have been based on the following assumptions: if the rostrum were flat, it be longed to a swordfish; large and round, it be longed to either the black marlin (Makaira in dica) or blue marlin (M. nigricans); and small and round, it belonged to a sailfish (Istiophorus pla typterus) .
Rostra are one of the more common fossil remains of the Istiophoridae and Xiphiidae and have been used to identify specimens to genus (Fierstine and Applegate, 1968 ) and species (Ar ambourg, 1927; Schultz, 1987; Woodward, 1901) . Schultz (1987) even proposed a classifi cation scheme of extant and extinct billfishes based primarily on rostral characters. However, because it has not been established that extant genera and species can be identified using ros tral characters alone, fossil identifications and classification schemes exclusively based on ros tral characters of fragmentary material are sus pect.
The following is a statistical analysis of mea surements and observations of external and in ternal structures of the rostrum of extant, adult fishes of the Istiophoridae and Xiphiidae. The study is designed to identify rostra, whether they are whole or incomplete segments.
MATERIALS AND METHODS
Rostra were studied from the following spe cies (the number of specimens examined are in parentheses): sailfish, Istiophorus platypterus (38), black marlin, Makaira indica (8), blue marlin, M. nigricans (42), longbill spearfish, Tetrapturus pfluegeri (2), shortbill spearfish, T. angustirostris (3), striped marlin, T. audax (14) , white marlin, T. albidus (16) and swordfish, Xiphias gladius (40) . We use the scientific and common names of Robins et a!. (1991) , institutional abbreviations of Leviton et a!. (1985) , and a combination of the osteological terminology of Gregory (1933) , Gregory and Conrad (1937) ,]01lie (1986), Rojo (1991) and Schultz (1987) to maintain the more contemporary usage.
Istiophoridae.-Most rostra, other than those ex amined in museums, were collected at billfish tournaments by removing them at midorbit af ter taking whole body measurements. They were prepared by immersing them for a few minutes in a hot (approximately 90 C) solution of tri sodium phosphate, then under warm, running tap water, carefully removing tissue with a stiff brush and forceps. This procedure was repeat ed until all tissue was removed. Next, the rostra were soaked overnight in 10% formalin solution (to inhibit spoilage) and dried for storage and study. Measurements were made with dial cal ipers and metric rule. Each rostrum was cut in cross-section at the 0.5L and 0.25L levels (see defmitions below). Although most observations were made without magnification, low power magnification (lOX) was used occasionally to determine the distribution of denticles and to obtain measurements of the nutrient canals.
No specimens of T. belone, T. georgei, M. indica larger than 164 kg; and M. nigricans larger than 300 kg were available for examination. Skele tons were not studied if identifications, locality, or bill length data were suspect.
The study emphasizes two regions of the ros trum ( Fig. 1 ): 0.5L or half the distance between the distal tip and the orbital margin of the lat eral ethmoid bone, and 0.25L or one-fourth the distance between the distal tip and the orbital margin of the lateral ethmoid bone. To avoid having to estimate 0.25L and 0.5L, only com plete rostra were examined. Characters studied (Figs. 1-2) in each region were depth (D) and width (W) of rostrum, height (H) and width (N) of nutrient canal (as seen in cross-section), dis tance (DD) of the nutrient canal from the dorsal surface (as seen in cross-section), and distance (IC) between the nutrient canals (as seen in cross section). Characters studied without reference to region were distribution of denticles on dor sal (DZ) and ventral (DVS) surfaces of the bill, position of the prenasal bone from the distal tip of the rostrum (P), presence or absence of den ticles on the prenasal bone, and length from tip where fused premaxillae divide (VSPM) into separate bones.
In case there was asymmetry between the left and right nutrient canals and/or prenasals, only measurements of the left nutrient canal and prenasal were used in our calculations. If only one nutrient canal was present, any measure ment involving the nutrient canal in that spec imen was omitted from our analysis.
Xiphiidae.-Rostra were collected from com mercial fishing vessels after each specimen had been transected anterior to the orbit. Bill length (tip of rostrum to orbital edge of the lateral ethmoid (prefrontal) bone) could not be mea sured. All specimens were frozen and later ra diographed for presence and location of central chambers (Fig. 3 ). Depth (D) and width (W) of each rostrum were measured at the anterior extension of the dermethmoid bone ( Fig. 3 ).
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Predenta ry Maxilla Lateral Ethmoid A ... ,. . Data analysis.-Multivariate analysis of variance (MANOV A) was used for initial analysis of the species. Resulting significant differences were then analyzed using univariate analysis of vari ance (ANOVA) with Tukey's pairwise multiple comparisons procedure. Because of missing data, ANOVA and MANOVA were applied using a general linear model procedure. Statistical Analysis Systems software (SAS Institute, Inc., 1988) was used for all analyses.
Because we believe ratios help reduce size effects and facilitate identification of isolated rostra or rostral fragments especially in keys, ratios were used as variables in all analyses. Atchley et al. (1976) stated that ratios do not remove size effects; however in their examples, each ratio always had the same variable in the denominator, whereas ours do not. However, the use of ratios often requires an arcsin of the square-root transformation because of the bi- nomial distribution of part to whole ratios (Sa kal and Rohlf, 198 I) . Because the ratios used in this analysis do not represent a part divided by a whole, then they are not binomially dis tributed. Using the Shapiro-Wilks test, the ma jority of direct measurements and ratios were normally distributed. In those cases where there were substantial deviations from normality, the reported p-values should be considered ap proximations.
Tetrapturus angustirostris and T. pfluegeri were excluded from the species analysis because of small sample size, and X. gladius was removed from most statistical tests that analyzed vari ables other than depth (D) and width (W) of rostrum and presence or absence of central chambers. We omitted specimens from our sta tistical analyses if we did not section them (e.g., lacked permission). 7.6 (5.9-12) 7.6 (5.7-10) 1.6 (1.4-2.1 ) 7.9 (6.7-9.5) 6.9 (6.4-7.4) 32 rostral characters (ratios) was the major source for constructing an identification key to eight species of billfishes. Species that could not be separated using these variables were sepa rated by multivariate discriminant analysis. Er ror rates for the resulting functions were esti mated using the resubstitituion method.
RESULTS
Locating the position of 0.25L or 0.5L is a simple calculation in a whole rostrum (orbit to distal tip) but is more difficult to locate when the rostrum is incomplete. Knowing informa tion about the prenasal bone and the ventral split in the premaxillae can help one decide whether the rostral segment contains either one of these regions or both. With the exception of the very short bill of T. angustirostris and a single specimen of M. nigricans, the distance from the tip of the bill to the distal extension of the pre nasal bone is generally 0.23-0.40L (P/L in Ta ble I). Since the prenasal bone tapers distally (Fig. 1B) , it is noticeably large in cross-section at 0.5L ( Fig. 2A) and usually absent or tiny in cross-section at 0.25L (Fig. 2B) . The paired pre maxillae converge toward the midline to form a sutured articulation (Figs. I C, 2A) at or just proximal to 0.5L (VSPM/L in Table I ).
Sometimes we observed asymmetry between the left and right nutrient canals and/or left and right prenasals in what otherwise appeared to be a normally developed rostrum. For ex ample, in a specimen of M. nigricans (LACM 25411), the left nutrient canal at 0.25L was over twice the height (H) of the right canal, and the right prenasal was longer (P was shorter) than the left. In a specimen of T. angustirostris (LACM 25499), the right nutrient canal was absent when sectioned at O.25L. In a specimen ofM. nigricans (LACM 25414), the left canal was situated dor solateral to the right canal instead of lateral to it.
Tukey's pairwise multiple comparison pro cedure (Table 2) found many significant differ ences (P < 0.05) in the means of 32 rostral characters (ratios) that might prove useful in identifying species of the Istiophoridae. lstio phorus platypterus had the most ratios with means that were extremely significantly different (P < 0.001) from other species, whereas the species comparison of T. albidus and T. audax had the smallest number of ratios with means that were extremely significantly different (P < 0.001).
An identification key was constructed pri marily from variables with nonoverlapping ranges (Table 1) . Variables with bill length com ponents (e.g., L, 0.5L, and 0.25L) were not used in the key because, if one were attempting to identify a bill fragment, the length component would not be known. Xiphias gladius was sepa rated from other billfishes by its edentulous, flat rostrum (D I/W1 < 0.5). Central chambers were usually present (Table 3 ; Fig. 3 ) along the entire length of the rostrum. Tetrapturus angustirostris differed from other species of the Istiophoridae by having a rostrum without denticles on its dorsal surface and with widely separated nutri ent canals at 0.25L (IC2/W2) (Table I) .
Two pairs of species (T. albidus vs 1. platypterus and M. nigricans vs M. indica) could not be sep arated by variables with nonoverlapping ranges and were analyzed using 14 variables (ratios) in a stepwise discriminant analysis. The M. indica / M. nigricans analysis found four variables [DZ/ W2; P/D2; (HI *N1)/(D1 *W1); DD2/D2] which, when used in a discriminant function, correctly separated the two species 100% of the time. Similarly, the I. platypterus / T. albidus anal ysis revealed three variables [(Ill * N 1) / (D1 *W1); P/W2; (H2*N2)/(D2*W2)] which correctly separated the two species 95% of the time.
Tukey's pairwise multiple comparison pro cedure (Table 2) , a univariate analysis, found the variable DZ/W2 to have no significance in separating M. nigricans from M. indica. How ever, the stepwise discriminant analysis, a mul tivariate procedure, found the variable impor tant when placed in an equation with other vari ables. In addition, we used DZ/W2 as a sec ondary character in the key to distinguish M. nigricans from M. indica, because only one spec imen of M. indica and three specimens of M. nigricans in our samples had values of DZ/W2 that fell in the overlapping region of 0.7 and I. KEY Abbreviations indicating significance are: ns = not significant (P > 0.05); * = P < 0.05; ** = P < 0.01; *** = P < 0.001. 6C. If cross-sectional area of nutrient canal/ cross-sectional area of bill at 0.5L (H 1*N1)/ Dl *Wl) is between 5.0 and 7.4, and length of dentides on middorsal surface from tip/ bill width at 0.25L (DZ/W2) is 0.7 to 1, then solve the following equations:
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DISCUSSION
This study demonstrates that extant species of the families Istiophoridae and Xiphiidae can be identified from whole or partial rostra. We envision the information to be useful in a variety of ways. For example, Frazier et al. (1994) Lepidochelys olivacea, was found with a fragment of rostrum protruding from its carapace. The fragment was identified as belonging to a sail fish, 1. platypterus, because in cross-section the rostrum had relatively high nutrient canals as compared to the height of the rostrum. The reader had no quantitative information with which to evaluate the identification. If the exact measurements had been given (HI = 2.9 mm, D 1 = 10 mm), then the reader could have com pared the ratio (Hl/Dl = 0.29) with those giv en in Table 1 and observe that only 1. platypterus has Hl/Dl > 0.20. In another example, one of us (HLF) is reexamining a case reported by Gudger (1940) where three rostra were found embedded in a ship's timber. One of the rostral fragments has ratios ofHl/Dl = 0.09 and DDI/ D 1 = 0.55. Using Table 1 , the first value over laps slightly with values for lvl. nigricans and T. albidus, but the second value lies only within the observed range of M. nigricans. Thus, coupled with its large size, the rostrum is identified as belonging to M. nigricans.
There are some limitations to this effort. First, two species of spearfishes were excluded from examination because skeletal material was un available to us. Fortunately, these are the least common of the istiophorid billfishes and, there fore, the least likely to be encountered. Tetrap turus belone is restricted to the Mediterranean Sea and is most common around Italy; T. georgei is rare and restricted to the western Mediter ranean Sea and adjacent Atlantic Ocean (Nak amura, 1985) .
Second, the lack of large-sized 1\1. indica and M. nigricans is a more serious omission since their rostra are morphologically similar, with many overlapping characters (Table 1) . Makaira indica has a shorter bill than M. nigricans (Nak amura, 1985) , and there are few significant dif ferences (P < 0.001 in Table 3 ) between them that do not include bill length as part of the ratio. Perhaps if we had been able to examine near equal sample sizes and a greater size range, interspecific differences would have been more apparent.
Third, the key itself has some limitations in lse. To move through the key effectively, the ostrum must be intact and undamaged from ip to 0.5L. If the tip of the bill is missing, then 1.25L, 0.5L, DZ, and P must be estimated from . reconstructed tip. If the segment to be iden ified has neither tip nor lateral ethmoid, then he location of 0.25L and/or 0.5L must be es imated from the size or absence of the prenasal lone. Table 1 will probably prove more useful han the key when identifying rostral segments.
There is some confusion as to which bones arm the billfish rostrum (Fierstine, 1990) . In he Istiophoridae, the rostrum is composed of he unpaired dermethmoid and vomer and laired frontals, lateral ethmoids, maxillae, pre naxillae, prenasals, and nasals (Fig. 1) . Schultz 1987) was the first to recognize the prenasal lOnes, although most workers consider them a eparate part of the premaxillae (Gregory and :onrad, 1937; Nakamura, 1985; Davie, 1990) . IVe believe the prenasal is a distinct, paired el ment present in all istiophorids. According to tojo (1991) the term prenasal has been used or a bone in the sensory canal of Lepisosteus, out we think the name is more appropriate for lse here. Gregory and Conrad (1937) concluded that he distal three-fourths of the bill in the Xip liidae is primarily composed of premaxillae with laired nasals on the dorsal surface. The prox malone-fourth was said to be formed from the lermethmoid, frontals, maxiliae, lateral eth rroids, and vomer. After dissecting a juvenile wordfish, Conrad (1937) concluded that the rue nasals are "minute but well-formed bony ·Iement[s] lying dorsad to the narial openings," nd the bones that Gregory and Conrad (1937) ailed nasals were actually parts of the premax [lae. Most subsequent workers (Nakamura, 983,1985; Poplin et al., 1976) , exceptJohnson 1986), have followed Gregory and Conrad 1937) and not Conrad (1937) . Schultz (1987) 'elieved that both nasal and prenasal bones are .resent in the adult. Thus, the bone we labeled 'prenasal?" (Fig. 3A) is often considered part If the premaxilla, and its true identity needs to Ie resolved. One of us (HLF) examined two arval specimens in the cleared and stained col ection of the US National Museum and ob erved a prenasal bone in the developing bill of . platypterus but not in X. gladius. Although this lbservation suggests the absence of the prenasal lone in Xiphiidae, we recommend caution in arming an opinion until more larval X. gladius lre studied. trapturidae with T.angustirostris as the type spe cies. He characterized the genus as having a short rostrum with two large nutrient canals. Using computerized tomography, he studied condition and not accord it taxonomic impor tance. Fishers have caught billfish with various lengths of their rostra missing (Gudger, 1940; Morrow, 1951; Wisner, 1958) . In those istio phorid rostra we examined with tips missing, the paired nutrient canals were usually exposed at the broken surface, and in a specimen of M. nigricans (LACM 25405) where the break was in the middle of the bill, not only were the nu trient canals visible but the distal extensions of the prenasal bones were resorbed to expose prenasal grooves in the premaxillae. Wisner (1958) figured a specimen of T. audax with an upcurved bill, and one of us (HLF) has observed a specimen of M. indica and learned of a spec imen of 1. platypterus (pers. comm. G. Kelley, International Gamefish Association, Pompano Beach, FL, unpub!.), with bifurcated rostra. None of these specimens were skeletonized; thus the effect of their deformities on the bones are not known. To the best of our knowledge, we are the first to describe asymmetry in the size and placement of the nutrient canals in the is tiophorid rostrum.
Schultz (1987) proposed a classification scheme of extant and extinct billfishes that was based primarily on rostral characters. Other than criticism for using small sample sizes and not taking into account intraspecific and inter specific variations (Fierstine, 1990) , his effort has not been critically reviewed. Our study al lows a more thorough examination of some of his conclusions for extant fishes.
Schultz (l987) divided the extant Istiophor idae into two families (Istiophoridae and Te trapturidae) primarily because the tetrapturids have a short rostrum with denticles arranged in two bands on its ventral surface, separated by an edentulous zone, and istiophorids have the entire ventral surface of the rostrum cov ered with denticles. Based on our meager data for T. angustirostris, the ventral surface of the rostrum may be edentulous (0.00) or may cover over 50% (0.52) of the distance between the distal tip and the ventral split in the premaxillae (see DVS/VSPM in Table 1 ). In fact, all species may have an edentulous zone, the length of which varies considerably (Table 1) . We do not think this character is useful for defining fam ilies.
Schultz (1987) also resurrected Pseudohistio phorus De Buen, 1950, and placed it in the Te When examining rostra, whether fossil or re cross-sections of a single rostrum of T. angus ent, it is important to recognize an abnormal tirostris taken 45 mm, 70 mm, and 80 mm from the distal tip. All of his sections seem to have been taken where the premaxillae are separat ed, posterior to the region we studied at 0.25L where the premaxillae are fused. He may have interpreted the fossa for the anterior extension of the maxillae as nutrient canals, because we think small nutrient canals can be seen lateral to each fossa, particularly in the section cut at 45 mm. We found T. angustirostris (Table 1) to have small, widely spaced nutrient canals that were not larger than other species relative to the depth of the rostrum (H2/D2). Thus, our study does not support the diagnostic feature that Schultz (1987) provides for the type species of Pseudohistiophorus that Nakamura (1983) properly referred to the synonym of Tetraptu rus.
Finally, Schultz (1987) described a new genus and species, Thalattorhynchus austriacus, Middle Miocene, Austria, from a distal rostral fragment and placed it in the extinct Xiphiorhynchidae. The distinguishing feature was a single, off cen ter, longitudinal canal that was observed by computerized tomography, otherwise the spec imen was very similar to an istiophorid rostrum. The single canal may be an anomaly similar to the single canal observed here in a T. angusti rostris (LACM 25499) or the incipient condition in aM. nigricans (LACM 25411). In addition, the Istiophoridae is known from the Middle Miocene to Recent, whereas the fossil record of the Xiphiorhynchidae (excluding T. austriacus) is unknown after the Middle Oligocene (Fier stine, 1990) . Therefore, based on rostral mor phology and geochronology, we doubt that the specimen belongs to a distinct genus or should be placed in the Xiphiorhynchidae. Most likely the specimen belongs to one of the extant gen era of the Istiophoridae.
MATERIAL EXAMINED
Museum numbers, and locality, sex and size (Istiophoridae: lower jaw to fork length or weight; Xiphiidae: postorbit to fork length) are given for each specimen.
